Objectives-To evaluate the usefulness of Gram staining and culture of skin lesions in patients with acute meningococcal infections.
Introduction
Acute infections with Neisseria me?ii?igitidis are life threatening, with an overall mortality of about 10%. The clinical manifestations range from meningococcaemia without circulatory impairment to meningitis and sepsis. 1 The mortality from meningococcaemia without shock is negligible, from meningitis is 1-5%, and from sepsis is 30-70%.2* 6 Roughly two thirds of patients who die succumb within 16 hours after hospital admission.3 *57'0 These alarming data empha sise the need for a prompt diagnosis.
The presence of skin lesions usually raises the suspicion of a meningococcal infection. In meningo coccal meningitis this suspicion is confirmed by the presence of Gram negative diplococci in cerebrospinal fluid on staining, a process that takes less than one hour. In meningococcal sepsis, however, Gram staining of cerebrospinal fluid often gives negative results for meningococci. As cultures of blood and cerebrospinal fluid yield results only after 12-24 hours and other diseases may present with similar lesions, the initial treatment of meningococcal sepsis is often given blind with respect to the causative micro-organism. Yet, a prompt bacteriological diagnosis is one of the prerequisites for saving lives. In 1917 Netter and Salanier noted the presence of diplococci in a smear of a skin lesion.10 Later they successfully cultured meningococci from such a lesion." In the following decades this method did not become generally accepted and only a few studies report on it.12n In 1944 Bernhard and Jordan stated: "We, like many others, were not appreciative of the tremendous value of the stained smear___"N Nearly half a century later we believe that this statement is still true for many doctors.
In view of these considerations, we studied retro spectively the diagnostic value of Gram staining samples from skin lesions of patients with meningo coccal infections.
Patients and methods
From October 1990 to May 1992, 45 patients with subsequently proved acute meningococcal infections were admitted to St Laurentius Hospital, a community hospital in the south of the Netherlands. Thirty four patients presented with skin lesions. Needle aspiration of a skin lesion was performed in 26 patients (16 females, age range 6 months to 72 years (median 12-5 years)) immediately after they were admitted to the hospital and before any antibiotics were given. Twenty five patients had haemorrhagic lesions and one had a rash.
From 1989 to 1993, 33 patients with life threatening meningococcal infections were referred to the intensive care unit of the University Hospital in Nijmegen. Thirty two had skin lesions. Punch biopsy of a skin lesion was performed in 25 patients (15 females, age range 7 months to 48 years (median 14 years)) some time after their admission to the unit; at the time of biopsy all patients were receiving antibiotic treatment. Twenty four patients had haemorrhagic skin lesions and one had a macular rash.
Aspiration was performed by the doctor in charge (paediatrician, neurologist, or physician), who inserted a needle into the centre of a petechial spot at an angle almost parallel with the skin. Some of aspirated fluid was put on to a glass slide with a cottonwool bud and BMJ VOLUME 306 8 m a y 1993 transported immediately to the nearby laboratory for G ram staining; the remaining fluid was used for culturing. Punch biopsy was performed by a derm a tologist. At the laboratory a smear was m ade by squeezing a part of the dry specimen between two glass slides. T he smear was G ram stained, the remaining part was cultured. T he complete procedure, from sampling to microscopic examination of the G ram stained specimen, took about 45 minutes.
Patients were retrospectively divided into four groups based on their clinical manifestations.215 Patients in group A had meningococcaemia without meningitis or shock, those in group B had meningitis, those in group C had both meningitis and shock, and those in group D had septic shock without meningitis. Meningitis was defined as a leucocyte count of greater than lOOx 10V1 in cerebrospinal fluid with a decreased glucose concentration and increased protein con centration or nuchal rigidity, or both. A definitive classification according to these criteria was not possible in three patients who underw ent needle aspiration as their leucocyte count was borderline (104, 110, and 1 2 1 x 10 ''/l) and glucose and protein concentrations were normal with no nuchal rigidity. These three patients were classed as having no meningitis (one in group A and two in group D). Shock was defined as a systolic blood pressure of less than 100 m m Hg in adults, ofless than 85 m m Hg in children younger than 14 years, and of less than 75 m m Hg in children younger than 4 years.21617 In four patients who underwent needle aspiration blood pressure was not noted in the medical records, but other signs of insufficient endorgan perfusion were included, such as acute change in mental state without meningitis, metabolic acidosis, increased serum creatinine concentration, and diffuse intravascular coagulation. 18 Seven of the 26 patients who had needle aspiration were in group A, nine were in group B, three in group C, and seven in group D. T hree patients died (one in each of the groups B, C, and D). T en of the 25 patients who underw ent punch biopsy were in group B, four were in group C, and 11 in group D. Three of them (all in group D) died. Table I shows the microbiological results in all 51 patients. Bacteria were detected in the skin lesions of 16 (62% (95% confidence interval 41% to 80%)) of the 26 patients who underw ent needle aspiration; in nine patients staining and culture gave positive results, in three staining gave positive and culture negative results, and in four culture gave positive and staining negative results. In nine out of 10 patients with shock (groups C and D) skin lesions contained bacteria; in seven of them staining and culture gave positive results and in two culture gave positive results and staining negative results. M eningococci were detected in the skin lesions of 16 (64% (42% to 82%)) of the 25 patients who underwent punch biopsy; in nine staining and culture gave positive results, in five only G ram staining gave positive results, and in two only culture gave positive results. Bacteria were detected in 14 of the 15 patients with shock: in nine staining and culture both gave positive results, in four only staining gave positive results, and in one only culture gave positive results.
Results
Positive results on G ram staining a sample from a skin lesion or a sample of cerebrospinal fluid enables rapid diagnosis. Table II shows the results of such staining in the two types of sample. T he sensitivity of staining a skin lesion was 51% and did not differ significantly from the sensitivity of staining cerebro spinal fluid (61%) (M cN em ar's test, p = 0-41). How ever, the additional informative value of positive results from a skin lesion was obvious. In 16 (80%) of the 20 patients with inconclusive results from staining of cerebrospinal fluid the results for the skin lesion provided the diagnosis. W hen only the critically ill patients with sepsis but no meningitis (group D , table III) were considered, the sensitivity of G ram staining of skin lesions increased to 72% and differed signifi cantly from the sensitivity of staining cerebrospinal fluid (2 2 %) (M cN em ar's test, p < 0 -0 5 ). In patients with meningitis without shock (group B) Gram staining of the skin lesion was less informative: in only three (16%) of the 19 patients were G ram negative diplococci shown in the skin. This low sensitivity contrasted significantly with the high yield in patients with meningitis and shock (group C) in whom bacteria 
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BMJ v o l u m e 306 were detected in all of the Gram stained skin lesions (Fisher's exact test, p < 0-001). Among the 25 patients admitted to the intensive care unit, 16 were referred from other hospitals after a median delay of 6 hours (range 1-59) and nine were transferred from the emergency unit. All received antibiotics before admission. At punch biopsy these patients had been taking antibiotics for a median duration of 6 hours (range 10 minutes to 60 hours). Table IV shows the microbiological results of the biopsy specimens. Meningococci were cultured from specimens in patients with shock up to 13 hours after the start of antibiotic treatment and detected by Gram stain as late as 45 hours after the start of treatment. 
Discussion
Our results show the value of needle aspiration or punch biopsy of skin lesions for the prompt diagnosis of acute meningococcal infections. Haemorrhagic skin lesions are considered to be characteristic for meningococcal infections.1 Similar lesions may, however, be encountered in septicaemia due to pneumococci, staphylococci, Haemophilus influenzae, Capnocytophaga canimorsus, or viral infections as well as in non-infectious diseases. In 10-25% of all meningococcal infections no skin lesions are present.19 20 Skin manifestations vary from an exanthe matous rash,2122 to erythematous maculopapules or haemorrhagic lesions.1921 Their presence and development mirrors the course of the disease and may be used as a prognostic factor.719 The development within a few hours of numerous, rapidly extending, haemorrhagic lesions is associated with a fulminant course, as is seen in sepsis. Development may be slower in patients with a more protracted course of meningitis.23 2' 1 In our study skin lesions were absent in 11 of the 45 patients (24%) admitted to the general hospital and in one of the 33 patients (3%) admitted to the intensive care unit.
The pathogenesis of skin lesions in meningococcal disease is not well understood. Originally, meningo cocci were thought to damage the endothelium by their direct presence in capillaries. 23 25 The current view is that the generalised Shwartzman reaction is a cytokine primed vasculitis, mediated by the upregulation of adhesion molecules on leucocytes and endothelium.26'28 Meningococci, meningococcal endotoxin, and several cytokines induced by endotoxin are able to induce this process independently. Therefore, skin lesions may develop without the direct presence of bacteria.
We used two different techniques, needle aspiration and punch biopsy, to obtain material from a skin lesion. Needle aspiration is attractive in emergency cases as it can be performed by the attending doctor in an accident and emergency department. The drawback is that the amount of aspirated material is limited, which might increase the risk of false negative results caused by sampling error. Punch biopsy provides more material, yet the sensitivity of both methods examined by Gram staining and culture was similar (respectively 62% and 64%).
Meningococci could be detected in skin lesions by one of these methods in 32 (63%) out of 51 patients; 26 (51%) had positive results on staining. For comparison, only reports from the first half of this century are available. Smears gave positive results on staining in 83%, 80%, 68%, and 70% of the patients at admission and in all patients at necropsy.12'142329 Cultures gave positive results in 88% .1 4 Our lower yield may partly be explained by the preceding use of antibiotics in 25 patients. The duration of preclinical disease and the probably more advanced infection in the older studies also may be important-for example, in the study of Hoyne and Brown in 1948 the mean duration of preclinical disease was 3*1 days29 compared with 17-1 hours in our study. None of the older studies differentiated between meningococcaemia, meningitis, and sepsis.
We found that skin lesions were particularly informative in patients with meningococcal sepsis. In 14 of these 18 patients diagnosis was not possible from the results of Gram staining of cerebrospinal fluid, whereas Gram staining of skin lesions provided the diagnosis in 12 (86%) of these 14 patients. As it takes 12 to 24 hours for a culture to yield positive results and only 45 minutes to complete Gram staining of a sample from a skin lesion, staining can speed up the diagnosis considerably. Rapid diagnosis is important because in about two thirds of all fatal cases the patients die within 16 hours after admission3'5 7-9 and because additional therapeutic options such as plasma exchange improve outcome only when started at an early stage. 16 Prognosis is also improved by prompt antibiotic treatment.30'34 However, antibiotics are often not given early because they might hamper the bacteriological diagnosis. We found that in patients with shock bacteria were visualised in the Gram stained skin lesion in 13 out of 15 patients up to 45 hours after start of antimicrobial treatment and isolated from skin lesions up to 13 hours after start of the antibiotics. Therefore, in patients with suspected meningococcal shock the first antibiotic dose need not be deferred until after the collection of spinal fluid or blood for culturing.
We also found that in patients with meningitis but no shock bacteria were detected in the stained skin lesion only in 16% of the patients, whereas in all seven patients with meningitis and shock the Gram stained skin lesion gave positive results (p < 0-001). This suggests that this difference can be used as an additional prognostic sign-that is, a positive result of a Gram stained skin smear of a currently stable patient with meningitis may alert the clinician to haemodynamic deterioration.
New molecular techniques for the rapid diagnosis of infections have been developed35 36 and may be suitable for biopsy specimens from skin lesions, perhaps with a greater sensitivity.
Conclusion
We showed that in suspected meningococcal disease Gram staining and culture of haemorrhagic skin lesions are useful diagnostic tools, especially in patients with sepsis. The results from the Gram stain may acceleratê the diagnosis by nearly one day and prompt earlier adequate treatment. Furthermore, we showed that meningococci are still present in skin lesions of patients with sepsis several hours after the start of antimicrobial treatment. Immediate administration of antibiotics by the first doctor considering a diagnosis of meningo coccal sepsis will therefore not disturb proper diag nosis. Finally, the finding of diplococci in Gram stained skin lesions in a patient with meningitis may warn the clinician of possible deterioration.
Seventy six years after Gram negative diplococci were described in skin lesions by Netter and Salanier we can still endorse the statement of Hill and Kinney made 30 years later: "it is surprising that biopsy as a diagnostic adjunct has not gained more widespread recognition.
